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2 II NACA TIM NO 0 L7G25 

The finding8 of referenee 1 were taken..hto cormideration in 
the &eelgn of the in i t ia l  outboard nacelle configuration. The 
basic design i a  similetr to that given as Configurstion 3 of mfer- 
ence 1, but differed elightly fram this configuration becaw of 
the smaller chorll and thichese ratio of the wing. The nacelle 
wa.a constructed t o  A scale slld was toated in conjunction wlth an 
NACA 63( 420) -4( 20 .'7$ ( approkmate) a i r f o f l  at a Reynolds number of 
approximately 1.7 x IO6 through t h e  complete calculated flight 
range of lift coefficiente for three representative f l o w  conditions: 
namely, 10,000- end 40,000-foot cruise and 40,000-foot climb. The 
effects on external nacelle drag of refairing the nacelle uppor 
eurface asd inatalltng fllletb . I n  the w.lng-nacelle junctures were 
determined. It was f a d  deeirable From these grolbimry tes te  
to naake eeveral modlficatione in an effort to improve the flow over 
the nacelle ebad through the ducting system. Them mdifications I 
coneisted of changes to the sir inlets and duot shapes..' The ' 

resulting configwatton wm tested for the flow conditions Pf.&io~sly 
indioated 
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'If l a  of interest to note that the nacelle conf'igurritions 
deecribed herein differ.  in general appearhce from those mi the 
three-dimensional installation described h reference '2 due to 
wFPef' sweepback, plan form, and thlclmese taper The reaulta 
presented in  thie paper, therofore, may be influenced by these 
factore .  

CL airplane lift coefficient 
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Bath configurations‘discwsed herein represented an outboard 
nacelle f o r  the XB-36 airplane and were constructed to A scale. 
The nacelle designed f o r  pusher propellere had a front a i 4  area of 
38.2 square inches and was lnoUneen on the conter section of EL 
16.37-inch chord wing seotion of 36-inch span wblch was built to 
t h e  contour of 8n RACA 63( 420) -4( x) .7) (approxima.t;e) afrf‘ofl which 
correspond6 to the eecticm a t  the center line of t h e  nacelle. 
Ordinates f o r  t h e  plain a i r fo i l ,  which was tested  with and without 
t h e  nacelle, are given In percent of a i r f o i l  chord in table I 

Configr;uratian 1.- A Benerd outline of the model is shown i n  
figure 1. Cooling air for t h e  engine and intercoolers entered the 
c m n  duct  at the wing leading eQe while air fo r  t he  oil  cooler 
and engine charge entered the underwfnes air  inlet as &own In 
figure 2( a) The engine and intemooler air exhausted through the 
outlets shown in figure 2(b). The oil  cooler and engine charge 
air  exhausted through the  outlets  indicated Is figure 2( c )  . Several 
views of thls  configuration before being meembled presented 
in figLlre 3 .  

A 
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'Confirnation 2.- Thie configuration, 8hOG \fri figure's 5 
wd-6, 2ncorporated:changes to the lower l i p p f  the upper duct . 
Ir i tet ,  pbww3ng air inlet, and the engine .charge, oil-cooler, 
and intercooler ducta of canfigwatton 1,. A sketch showtng the 
revisions made to the lsadlng edge an& Unaerwlng air-inlet ahawe 
along the nacelle centar line is presented fn I igure 7 ... A s  a' ' 

result of .these modifications, the.undeming a i r - W e %  area was 
increased w i t h  a oonsequent reduction in .Wet  velocity f o r  given 
flow rates. The engine charge-Etir duct outlet a r e a s  were retained; 
the ducts, however, were redesigned to permit the discharge alr  
to flow pastallel to the tbwt line. In en effor t  to rerluce the 
totel-pressure 10888s,' both the oil-Gaoler and intercooler cooling- 
air ducts were modified forward of the respective baffles, the 
locations of which are shown in figure 5 .  The contows of ehe 
intercooler o o d w - a i r  duct out le ts  were refair& (figs. 1 ana 5 )  
to discharge the air along the wing-nacelle juncture(6) 
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lift  charactertatice occur wtth change in internal flow f o r  given 
angles of,attack. The lifi coefficients were' measured, thorefore, 
only  at the beginn- of the t e a t  and were correcbd for tunnel- 
wa3l constriction effects by the mtkde described fn reference 3 .  
ft wat3 a lso  assumed that the average loss in total preosure b e h e n  
the rear face of the baf'flee and the cooling-alr outlet.s, about 
1 percent of the free-stream dynamic pressure, 50 ne@gible* m e  
tot~-preseUTo 108s coefficients 85 . across the baffleE'w81'6 
determined,, thererow, by .subtracting the  'average total pressure 
at the exits frqm that &,the front face of the baffles.  

99 . *. 



A 



8 ' WACA RM SO. L7G25 

X t  is be note&'that the presswe drop acrom the baffle 
simulating the engine for the m e  Indicated in figwe 1.2 (crmiae 
at; 40,000.feet) was unobtainable with the required flow coeffioient. 
Since the heating and propeller effects were not simulated, 
definite conclusions c w  tiot be drawn regarding the suffioiancy of 
the available pmseure drop. The present data indlC8t.0, howcver, 
that the cooling fan night be required for the k,,oOo-foot cruise 
condition and afmoet certainly w i l l  be requtred for the 40,000-foot 
climb condition a 
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Total-preesure defect' S n .  cool inpair  ducts;- .The variation of 
average total"pressur8 defect with chordwise poeitidn within'the 
engine, intercooler and oil-cooler cooling-air duct 6f coSi&a- 
tiona 1 and 2 are presented in figures l 5 ( a )  t o  15( c), relspectively. 
For these teste,  the total-pressure measurements were made over a 
range of lift coefficients 'from 0 .bog to 0.943 ~5th the flow r E k 8  
and pressure-drop coefficients adjusted to sfmulate climb at 
40,000 feet ., i . .  

The plajor differences  in the average- total-pressure defect 
through the engf.nerE..coolIqg-a.ir duct of .configprations 1, and .2 
occur at ..an sirplane .lift coeff l o l en t  .of .0.943 A t  this Ilft . 
coefficient the 1psseq at the front spm,. cooling faa,and r e m  of 
the diffuser of conf'igura.t;ion 2 are, respecfively, Ebboat. 17, -60, 
and 75 percent of those of eonf'igwation 1. Thew improvements 
in,pressure,-regovqy are a tk ibuted   to  fnoreasing the stSg@3r 

,. -angle and lower . l i p  radii of .the leading-ed.ge. air M e t  : 
.', . . . .  .. . .  

The improvement in the preesura reco-zexy within the inter- '  
cooler cooling-air ducta of configuration 2 as campared with 
.configuration 1 ( r i , g .  15( b) 1 between tho front srpar and baffle 

, . i a  ..due to the combina.t;fon of refafring the duets to ,reduce t h e  
. .?elocity,and.. to increasing .the. stagger angle and .lover lip radii 
' of.fihe leading-edge air I n l e t .  The differences fn the total- : 

. .  

prhssure recoverlea at tke o i l  cooler (baffle) e o n t  pace mq not 
be as Iajrge as shown by figure 15( C) became of the differences. in 
-lac&$pn of the baffles (figs. 2 an4 5 )  and, hence, +he. poqition 
af rneasmement. Since t he  locatfon of the baffle i n .  me. .@I+ 
cooler cooling-air duct of configuration 2 more near1.y. approximates 
that of the ftdl-scale installation, the results for configuration 2 
are  considered  applicable and are more favorable as compared wfth 
configuration 1 due to increasing the underwing"air-inlct.afea, 
'lip. raii, an%. stagger angle and t o  yefaixing the entire:duct up 
t o  the baffle . . . . . . .  . .  . .  ... 

Design considerations.- Movi~-pici;ure records of -&e bebavior 
of t u f t8  attached t o  the wing and nacelle were obtained with the 
flow rates and prsesure drop coefficients adju&ed tb.simulate the 
cruise condition at.  40,000 feet (one ,intercoqler. an& m e  turbo) 
These records (not shown) indicated that t h e  discharging in tmooler  
cooling air alleviated the stall condition in th6 w ~ - n a c e L l s  
juncture, particularly a t  high angles of attack. It ia thought, 
therefore, that  f o r  those fli&t conditione requiring single inter- 
cooler operation, mme Irprovement in extarpal drag may be realized 
by opening t he  a u i l i w  intercoolor coafing-&r outl'et door ao that 
the discharging air w i l l  flow %n.k..the Wlng-naceZXe.  Juncture. '. 
Propeller operation, a8 shown in reference 2, doea not appoaFto 
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[Stations and o r d i n a t e s   g i v e n   i n  percent 
of a i r f o i l  chord 
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M ~ U M  1.- General nrrangernent of --wale model of XB-36 outbard mcdlc; conf@mtion 1. 1 
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(b) Front vj.cw phowing underwing air inlet (model Inverted), 

Figurc d.  - Continued. 
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(c) Profile of rrlodel inverkd. 

Figure 6. - Conchded. 
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NACA RM No. L7G25 Fig. 9 



XACA RM No. L7G25 Fig. 10 

Flow ccef f ic ient  A 
PI0 - ?lo. coeff ic ient  -G 

H g u r e 1 C . -  Variation of total  presscre defect at the cooling air duct e x i t s  .ith E X O W  
coeff ic ient  t o r  l/I&-scale moCel of XE-56 .outboar& nacelle. C o n r r p 6 t i c n  1: 
r u m  1 t o  3; no baff lea;  R 1.a x 1~6, 



NACA RM No. L7G25 Fig. 11. 



NACA RM No. L7G25 Fig. 12 



NACA RM No. L7G25 Fig. 13 

Figure /3 .- Dra oharacteristica of l/l&-acals 
m o d e l  of XB-$ outboar& nacelle  (exclusive 
of engine charge air) baaed on model nacelle 
frontal area. Climb oondition at 
40.000 feet; R 1.68 x 106. 
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Figure  14.- Drag scale   e f fect  of 1/1.!pscale model 
of XB-36 outboard nacelle (exclusive of engine 
charge a i r )  based on  model nacelle fronts area. 
Conffguration 2; cruise  condition at L0,OOO f e e t .  
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